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[57] ABCTRACT 

The headphone includes a cup-shaped case forming the 
coupling space and thi3 cup-shaped case, in use, engages 
the user's head and eiicldses the user's ear. At least one 
electroacoustic transducer is included in the cup-shaped 
case, and the case either is designed as an acoustic fric- 
tional resistance or as a supporting structure of such a 
resistance. The headphone is equipped with acoustic 
and/or electrical systems compensating the drop at the 
low frequencies, and there are no reflecting surfaces 
located close to the external ear of the user. The low 
frequencies drop may be compensated by passive or 
blind diaphragms, or ihe diaphragm of the electroacous- 
tic transducer may be coupled to an air mass. A headset, 
including two headphones, may be designed for quadra- 
phonic reproduction. 

8 Claims, 16 Drawing Figures 
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^ ^ transducer, either is designed as an acoustic fric- 

HEADPHONE OF dRCUMAURAL DESIGN tioial resistance or is designedas a supportingsttucSe 

of such a resistance, and by further providing the possi- 
FIELD AND BACKGROUND OF THE °^ equipping the headphone with acoustic and/or 

INVENTION * electnoal systems compensating the drop at the tow 

. frequencies. 
This mvenbon relates to a headphone of circumaural there may be a need for emphasiang the low fre- 
desipi m which, m use, the rim of a cup^haped case. quendes in the headptone embodying the invention 
formmg the coupling space, is engaged with the user's because, through the frictional resistance formed by the 
head and encloses the user's ear and, more particularly. 10 case, a connection is established ta the outside air or to 
to an taproved headphone of circumaural design in . the backside of the transducer diaphragm, which, in the 

^^![£^l^,Z"^^^'''^"^.u\, u «lw«ceofparticular measures. leadsiS^oharacteristic 

At the present time, such circumaural headphones are with dropping low ftwjuencies 
m wide use since they provide physical comfort even As acoustic measures for compensating the drop, 
for long penods of tune and give the designer enough 1$ there may advantageously be provided passive or blind 
space for^accommodatmg acoustic and/or electrical diaphragms which are disposed close in front of the 
synems intended f« miprovmg the reproduction prop- wall of the cup^ped case designed as a frictional 
ernes of the headphone. resistance. ■ 

Headphones of the prior art, however, have the dis- Anothw possibiUty is to couple the diaphragm of the 
advantage that up to date, they were unable to solve the 20 clectroacoustic transducer to an air mass. inVrder to 
problem of the m-the-head-localization" of the acous- shift the natural resonance of the diaphragm toward the 

•M^*"*' • °' frequencies, 

of hnfhT*!Sti^H^T "a '^J^ ^ 1 improvement H«5 frequency response, however, also may be com- 
IT^ / dffecnonal and the dis^ heaimg and, m pensated electrically, for example, by putting a low-pass 
addition, to die ehmmation of the duturbmg phenome- 25 filter into the circuit. It may be usefW to provide simul- 
non of the in-the-head-locahzatoon." The mventive taneously two or three of the mentioned measures for 
hMdphone IS ako smtable for audiometnc purposes. compensating the frequency response. 

Known headphone constructions having the same For the effect intended by the kvention, the location 
objecUve, such as the designs of German Offen- where the electroacoustic transducer or transducers are 
legung^hrift Nos. 2,540.680 ami 2,343,818, do im- 30 disposed in the cup-shapeSS^te^^f fiSSLS^S 
prove the spatial hearing to some extent However, they portanoe. since, after aU. the user's external ear has to 
fad m reproducing tte acoustic event sufficiently &r to perform its function m the same way as during natural 
the outside or ahead m accordance wth the real ev hearing. If the headphone embodying the invention is 
so that, m genera^ and as before, the anpression is pro- designed as a stereo headset, the transducer of each 
duced. for example, dunng the reproduction of a piece 35 earpiece can be located in a manner such that with the 
of music that the Ustencr would be seated in the midst headset in use. the sound comes to the user from in 
ot tne orchestta. _ front This is done by providing the electroacoustic 

aose exaimnabons and measurements at the auncle transducer of each earpiece lateraUy in front close to 
have shown that the external ear has the greatest bear- the rim of the cup-shaped case o"". lo 

mg on &e directonal and distance perception. It has 40 If the headset of the invention is designed for quadra- 
been further found that a sound reflectmg surface, even phonic reproduction, analogously, a second transducer 
J veiyfuiU area, for example, of 2 cm* immediately is provided in each earpiece, which, m use of the set is 
adjacent the external ear, or of 1 cm* close to the audi- located laterally at the back. ahK> close to the rim of the 
tory canal, already causes hnear distortions of the audio cup-shaped case. 

signals which unfavorably affect the directional and 45 To improve the sealing between the user's head and 
distance hearmg. , „ . the cup-shaped case designed as a frictional resistance. 

Even if. m general, sound reflections can nghtly be as weU as to make the use more comfortable, the rim of 
compared to optic^ reflections, it is important to be the case is provided, in accordance with the invention 
aware of the fact that, with sound reflections, the re- with a circumferential pad. Such pads are weU known' 
flectmg surface is perceived as the location where the 50 Ordinarily, their height or width is of 1 to 2 cm In the 
sound wave IS produced. headphoneof the invention, pads of such height are not 

SUMMARY OF THE INVENTION 'Hi^'''!.' ^^'^ surface still represents a consider- 

_ . ^ , . able reflection factor and. with the conventional dimen- 

The mvention starts from the experience that no re- sions and in view of the fmdings underlying the inven- 
flectmg surfaces, primarily acoustically stiff sutfaces, 55 tion, entails a disturbing influence. For thS reason in 
even of miaU extent, must be located close to the exter- the headphone of the invention, a pad is provided hkv 
disturbances of the audio signals are to be ing a height or width, preferably, of 2 to 3 mm. A pad 
avoided. Particularly disturbmg, are surfaces around filled with a liquid has proven advantareous 
theelectroacoustictransducerortheearpad,evenif the Due to the inventive measures described in the fore- 
latter lu only about 1 cm high or thick and encloses the 60 going, any reflection of the sound, particularly in the 
ear. To obtam non-distorted signals in the ear. the high frequency range, is suppressed and the intended 
acoustic properties of the auricle must remain undis- effect of the directional and distance hcarine is oh- 
turbed in their effect . tained. 

In coiuequoice, the inventipn is directed to a head- An object of the mvention is to provide an iinproved 
phone of the land mdicated above m which reflecting <5 headphone of circumaural design 
surfaces are absent This is obtained, hi accordance with Another object of the mvention b to provide such a 
the mvention. by proyidmg that the whole of the cup- circumaural headphone having improved directional 
shaped case, accommodating atleast one electroacous- and distance hearing characteristics. 
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A further object of the invention is to provide such a range by means of a microphone probe S connected 
circumaural headphone in which the disturbing phe- laterally to the end of the auditory canal g. 
nomenon of the "in-the-head-localization" is eliminated. Since the artificial auricle has been placed in the free> 

Yet another object of the invention is to provide such plane, sound field alone, without a user's head, the re- 
a circumaural headphone which is suitable for audio- 5 suits of the measurement relate solely to the acoustic 
metric purposes. effect of the auricle and the iauditory canal. 

For an understanding of the principles of the inven- If, as usual, the stereophonic recording is made with 
tion. reference is made to the following description of two microphones, the maximum response directions of 
typical embodiments thereof as illustrated in the accom- which form an angle of about 120', the shading by the 
panying drawings. 10 head occurring during natural listening and the direc- 
tional response of the individual microphones are imi- 

BRIEF DESCRIPTION OF THE DRAWINGS ^ith a loudspeaker reproduction, the ear reso- 

In the Drawings: nances are added only during the aural reception. 

FIG. 1, to explain the inventive idea, is an audiogram In most headphones, even electrostatic ones, no at- 
showing the monaural free-field response of the human 15 tention is paid to the fact that, in order to obtain a ste- 
ear, for 0% 90" and 180*; reophonic acoustic phenomenon, the ear resonances 

FIG. 2 is an axonometric view of the respective ar- must become effective. If the electroacoustic transducer 
rangement for measuring this response; radiates into the ear axis, thus in the direction of the 

FIG. 3 is an audiogram showing the frequency re- auditory canal, the characteristic ear resonances which 
sponse of a headphone embodying the invention; 20 are effective during a frontal reception of the sound 

FIG. 4 is a sectional view of a headphone embodying cannot be produced, 
the invention having the transducer mounted centrallj^ The difference may be noted from FIG, 1. In order to 

FIG. 5 is a sectional view of a headphone with an displace the acoustic phenomenon caused by the head- 
annular transducer; phone as far as possible in the forward direction where 

FIG. 6 is an elevation view corresponding to FIG. S; 25 the sound sources are predominantly located, the elec- 

FIG. 7 is a horizontal sectional view of an embodi- troacoustic transducer is mounted, in accordance with 
ment with the transducer mounted on the side wall of the invention, preferably in the front side wall of the 
the cup-shaped case; coupling case and the direction of radiation is chosen so 

FIG. 8 is a longitudinal sectional view corresponding as to coincide with the 0* sound incidence daring natu- 
to FIG. 7, although the transducer might also be 30 ral hearing. For the quadrophony, two transducers 
mounted obliquely; mounted in the opposite side walls of the coupling case 

FIG. 9 is a sectional view showing a headphone m are used. The lateral mounting of transducers is known 
which the transducer fills the entire side wall and works per se. However, it has not been taken mto account that 
on the orthodynamic, electrostatic or piezoelectric-dia- already small sound reflecting surfaces immediately 
phragm principle; 35 adjacent the ear, or the side waDs or the ear pad, may 

FIG. 10 is a sectional view of a design in which, aside render the lateral sound incidence completely ineffec- 
from the acoustic frictional resistance of the case shell, tive. An acoustic resistance, for example, a non-woven 
a diaphragm arrangement is provided extending over fabric, stretched on a bar grate, is capable.of reflecting 
the entire surface of the coupling space; only a very small part of the soimd waves. This small 

FIG. 11 is a sectional view of a design in which a 40 percentage is not disturbing in practice, because, due to 
sintered material provides the acoustic frictional resis- the masking effect, this small amount does not become 
tance and a diaphragm is arranged in closely spaced acoustically effective. 

relationship therewith; The acoustic frictional resistance, which is effective 

FIG. 12 is a sectional view of an electrostatic head- over large surfaces, comprises preferably a porous ma- 
phone, in accordance with the invention, comprising a 45 terial having a small thickness. Suitable such materials 
large-surface diaphragm and side portions of the case, are, for example, non-woven fabric, sintered material, 
which are as a whole provided with an acoustic ftic- or etched or electroplated, perforated sheet metal As a 
tional resistance and wiSi diaphragms extending in front supporting structure, mechanical constructions of any 
thereof which are permeable to sound to such 

FIGS. 13 and 14 are sectional views showing embodi- 50 an extent that their acoustic reflective power is negligi- 
ments intended for quadrophonic transmission; and ble even at the highest frequencies. 

FIGS. 15 and 16 are perspective views of an embodi- FIG. 3 shows the transmission characteristic of a 
ment of an earpiece with 15 passive diaphragms and one headphone of the invention. There is a similarity with 
dynamic transducer in a side wail. the curve for 0* sound incidence of FIG. 1. It is to be 

_ 55 taken into account that any deviation from the natural 
DESCRIFnON OF THE PREFERRED .^^^ ^ ^ disturi)ance of the stereo bear- 

EMBODIMENTS irrespective of whether the deviation has its origin 

The curves shown in FIG. 1 for illustrating the inven- in the electroacoustic transducer or in other parts of the 
tion are results of measurements with a device shown in headphone. 

FIG. 2 as comprising an artificial auricle 0 made of a 6C) Since the **in-the-head-localization" is caused by a 
soft plastic corresponding to the mechanical structure coherence of the aural signals arriving into the two ears, 
of the human ear, and followed by an auditory canal g this disturbing phenomenon occurs in cases where, due 
closed by an acoustic impedance Z having a value cor- to linear or non-linear distortions in the headphone, 
responding to that of the eardrum. The measurements identical auditory events are produced for both ears. As 
have been carried out in a plane sound field, for angles 65 headphones are designed synmietrically, identical dis- 
of incidence 0", from in front, 90"* from the side, and tortious are caused, for example, by the acoustic trans- 
180* from behind, relative to liie human head, and the ducers, or by resonances and reflections in the coupling 
transmission has been controlled over the whole audible spaces. These distortions prevail over the aural signals 



11/08/2004, EAST version: 1.4.1 



4,158,753 

5 6 

which are determining for the directional and distance. acoustic, frictional resistance 24, and a protective grill 

hearing and differ only shgbtly from each other, so that, 23. 

even if no "in-the-head-Iocalization" occurs, at least the FIGS. 13 and 14 show embodiments of headphones 

stereo hearing is disturbed. Any sound quality typical of for quadrophonic reception. In FIG. 13, the transducers 

a particular headphone is a linear distortion Occurring S 25 and 26 are incorporated in the side walls of case 27. 

as an envelope of the useful signal and, due t6 the sym- The entire surface of the case, which is formed by a 

metry, capable of causing the **in-the-heaud-l(>caliza- gr^Lte structure, is provided with an acoustic frictional 

tion." resistance 28. Even; the large surface 29 is entirely made 

The invention is effective, to the same extent, for up of acoustic frictional resistances. The showmg is a 

conversions based on any principle, for eitamplb, for 10 front view into the cavity of the. case. A diaphragm 

electrodynamic, electrostatic, as well as piezoelectric or aixangementmay be, provided in front of the acoustic 

orthodynamic systems. frictional resistance. 

To comply with the inventive concept of eliminating . ^ design of FIG, 14, two electrostatic transduo 

the resonance effect of an ear pad, instead of a volumi- with respective diaphragms 30, 33 between respec- 

nous pad usual in conventional circumaural head- tive electrodes 31, 32, or 34, 35, are provided and they 

phones, only a flat, soft sealing strip of a textile material, completely fiU the side walls. By way of example, in the 

rubber, or plastic is used which, in addition, is more "PP^^ ^^^^ portion 40 is provided with a dia- 

comfortable. Liquid-filled, very flat pads Oiaving a P^^ragm arrangement 3* and an acoustic frictional resis- 

height or widtii, for example, of about 2-3 mm) are very ?^ * grating 39. In the lower side waU, the 

effective. ^ sequence is different. Behind grating 39, the diaphragm 

FIGS. 4 to 12 show stereo headphones, and FIGS. 13 arrangement 36 is secured to a grate 41 on which the 

and 14 show headphones for quadrophonic hearing. acoustic fncbonal resistance 38 is also supported. 

In the figures referred to in the following, embodi- M*® diapl^agm arrangement may comprise, for each 

ments of headset earpieces are shown. It is understood „ I plurality of small mdividual 

that a headset comprises two earpieces which are con- diaphragms or a smgle diaphragm covenng the whole 

nected to each other by a resiUent headband. ?^^°"- J^^ osciUaUon of the dia- 

According to FIG. 4, tiie transducer 1 is built in in a f.^^f* ^ ^^^^ ^ ^ ^% connection witii 

case 2 having a lattice structure of plastic or inetal, in a ^ frequency response of the electroacoystic trans- 

mamier such tiiat it radiates in the direction of auditory f.'^'^T'^/^^ large-surface acousfac fhcUonal resis- 

1 ^ Tn. * 1 A r 3^ tance, the frequency characteristic of FIG. 1, for exam- 

tially snugly fit tiie usef . head and p^d. wearing ^^.^^S^ ff^l ^^^^^^^ 
^. The acoustic factional resistance 6 extends over ^^^^^ ^ 
the entiresurface of case 2, advantageously at the mside 35 frequency characteristic of the headphone, 
thereof T^e case may also be of rectangular shape and piQ. 15 ^ 3 perspective view from above of an ear- 
surround the exteni^ ear very close y. iece comprising fiftTen (15) passive diaphragms. In a 

In the design of FIG. 5, an annular transducer 7 is case 42. fifteen (15) acoustic frictiomdresLm^r43 are 

provided operatmg, for example, on the electrostotic or i^^ed and, in front of each of tiiem, a respective pas- 

orthodynamic pnnciple. The acoustic factional resis- 40 sive diaphragm 44 is provided. These diaphrag^ 

tance 6 IS also provided m front of tiie auditory canal, ^-^^^^ ^ fiq, 15 por reasons of clarity, the protective 

which has a favorable effect FIG. 6 is an elevation view ^ provided in front of the diaphragms is omitted in 

. , . , . the showmg. An electi-oacoustic transducer 45 is in- 

FIG. 7 is a horizontal sectional view of a headphone. verted in the side wall of case 42 and transmits the sound 

The dynamic transducer 8 has its sound aperture 9 ap- 45 through an aperture 47 mto tiie couplmg space. The ear 

phed to the side wall of case 2. FIG. 8 is |^ongitudinal p^d b very flat, in order to avoid reflections, in accor- 

sectional view of the arrangement of FIGv-7. dance with tiie invention 

In tiie design of FIG. 9. an electrostatically or or- whUe specific embodiments of the invention have 

thodynamically operating transducer 10 fills tiie entire been shown and described in detail to illustrate tiie 

front side wall of case 2. 50 appUcation of the principles of tiie invention, it will be 

In FIG. 10, diaphragms 11 are provided m front of understood tiiat the invention may be embodied other- 
acoustic frictional resistance 14 which is applied to a wise witiiout departmg from such principles, 
grate structure 13. A grill 12 is mounted in front of the What is claimed is: 

diaphragms, for mechanical protection. The sound may 1. a headphone engageable on a person's head 

be introduced, for example, through tiie front side wall. 55 around tiie ear. comprising a cup-shaped case having an 

According to FIG. 11, a case 15 of sintered material, encircling rim around its periphery, a flat soft sealing 
metal, or plastic is provided, which, as a whole, is pro- strip engaged around said rim and engageable with tiie 
vided with a diaphragm arrangement 16. The grill 17 wearer's head around the ear having a Tnaximiim thick- 
serves for the mechanical protection of the diaphragm. ness of approximately three nun, said case forming a 
In this design again, tiie front side waU may form tiie 60 coupling space enclosing the user's ear, at least one 
sound radiator. electroacoustic transducer having a diaphragm in- 

FIG. 12 shows a large-surface electrostatic trans- eluded in cup-shaped case, acoustic frictional resistance 

ducer comprising a diaphragm 18 and perforated elec- means coextensive with all of the surfaces of said cup- 

trodes 19, 20 which are provided spaced apart from shaped case, and compensating means for reduction of 

opposite sides of diaphragm 18. Since diaphragm 18 has 65 responses at low frequencies operatively associated 

a very small mass, it is particularly suitable for high- with said headphone. 

quality sound transmissions. The side walls comprise 2. A headphone of circumaural design, as claimed in 

diaphragms 21. a case fonned by a grate structure 22, an claim 1, in which said cup-shaped case is designed as an 
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acoustic fricdonal resistance constituting said acoustic 
frictional resistance means. 

3. A headphone of ctrcumaural design, as claimed in 
claim 1, in which said cup«shaped case forms a support- 
ing structure for an acoustic fictional resistance consti- 
tuting said acoustic frictional resistance means. 

4. A headphone of circumaural design, as claimed in 
claim 1, designed as a headphone of a stereo headset in 
which, in use, the electroacoustic transducer of each 
headphone is positioned laterally, at the front side and 
near said rim, of said cup-shaped case. 

5. A headphone of circumaural design, as claimed in 
claim 1, designed as a headphone of a quadraphonic 
headset in which, in use, one of the electroacoustic 
transducers of each headphone is positioned laterally at 
the front side, and the other electroacoustic transducer 
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of each headphone is positioned laterally at the rear 
side, both electroacoustic transducers of each head- 
phone being near the rim of the respective cup-shaped 
case. 

6. A headphone according to claim 1 wherein said 
compensating means comprises an acoustic device. 

7. A headphone according to claim 1 wherein said 
compensating means comprises a blind diaphragm ar- 
ranged closely adjacent said cup-shaped acoustic fric- 
tional resistance means. 

8. A headphone according to claim 1 wherein said 
compensating means comprises an air mass which is 
coupled to the diaphragm of said electroacoustic trans- 
ducer. 
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